Dynamic instability behaviour of thin shell structures subjected to follower forces are governed by several geometric and physical factors like curvature, boundary conditions, loading, disturbances and so on, contributing to the overall possibility of a dynamic failure at intervals of its deformation history. However, an actual threat to the ultimate stability or the static critical points may not be posed, unless and until when the pertinent damping forces are overcome. Disturbance forces of various types, which are omnipresent in a marine environment, may be the single most serious factor that could undermine all the other considerations and lead the structure to exhibit dynamic instabilities at a much earlier stage than that could be predicted by a static stability criterion.
I. Introduction
Marine structures, whether they are stationary or mobile, are persistently subjected to the action of numerous stray forces in the form of external disturbances, in addition to the internal static or dynamic functional loads and their external reactionary loads. This situation is clearly one that warrants an extremely careful investigation of the structural stability of such systems, since the foregoing situation could lead to some catastrophic situations in which both human lives and property are at stake. The stability of shells that form an integral part of most marine structures, undergoing the action of internal or external hydrostatic or dynamic loads which are mostly follower type, becomes an extremely sensitive subject in the presence of disturbances which again could be of the follower type.
In technical terms, a form of eqilibrium is said to be unstable if a disturbance, however small, causes a finite deviation of the system from the considered form of equilibrium. In a broader sense, this could be interpreted as some gradual or sudden deviations in the equilibrium paths, geometric or structural configurations, energy states or even some localised phenomena, finally leading to the failure of the shell to function as a contributor to the overall structural strength in the intended way. The load-deformation history of a shell in static equilibrium gives a fairly accurate picture of some of the characteristic instability points which are mainly static in nature.
However, it is contended here that the transformations of the shell structure and its behaviour in the deformed configurations are more elaborately described by the pattern of changes of its frequencies of natural vibrations. The the particular stability state and the disturbance. The possibilities of instable behaviour mainly considered in this paper are the phenomena of mode shifts, flutters, mode divergences, bifurcation and finally the uniform mode variations characteristic of 'cable effects'. It can be seen that the shell can have several possible points of unstable behaviour leading to intermittent stages of stability and instability, finally leading to dynamic flutters, ultimate failures or cable effects, depending on the shell type.
The governing equations dealing with this stability problem is expressed here in a partial differential form, which can be transformed suitably into the required eigenvalue problem. This equation by itself is formulated in the monoclinically convected coordinates, which enable one to directly deal with follower type loads in terms of the deflection components. The basic formulation of these equations and their explanations with sufficient details were already presented in the previous paper (1st Report4O and elsewhere "2)3). Also, the corresponding validations were given, wherever found necessary to support the basic formulations .
Numerical examples are attempted for two principal shell types representing the singly and doubly curved shells and the results are presented in the forms of load-deflection curves, natural frequency curves , mode shape graphs and so on. These results are summarised for a range of curvatures from shallow to deep shells in each of the singly and doubly curved cases, and the comparison between the two types are presented, as well. The Galerkin methods is used for the numerical calculations and the boundaries are assumed to be simply supported with inplane deflections arrested along the boundaries. The loading is assumed to be a uniformly distributed hydrostatic pressure, in all cases, acting on a shell with a projected square base of unit area.
To obtain an approximate idea of the character of the proposed governing equations, a first approximation is obtained from a truncated form and discretized using the Galerkin method. It is shown here that this approximate form can be used to predict static stability with a fairly high degree of accuracy and a correlation to stability ranges predictable through the Mathieu equation can be obtained by making certain rough assumptions.
An Outline of the General
Nonlinear Shell
Theory
The constituent relationships and the fundamental tensor geometry of the finite deformation process of thin shells were already expounded in the previous paper (1st Report4)) and all the underlying principles with their details can be found in the references')5-7). For the sake of brevity, this paper intends to give only the most essential ones of the relationships which are found necessary to maintain continuity and integrity. 
where, the ( ) and (*) marks show whether the corresponding quantities consist of the static equilibrium state values or the incremental quantities at a momentarily disturbed state, respectively. Evidently, the righthand sides of the above equations give the inertia forces due to the disturbances, where p is the resultant mass density of the shell material per unit surface area at the disturbed state and t is the uniform shell thickness.
These stability equations can also be formulated independently from the fundamental tensor geometrical relationships by considering the variations in the position vector of any middle surface point, between the static and disturbed equilibrium states. The incremental property from a preceding static equilibrium state is shown in Fig. 2 and contained in the following equation : ( 9 ) where, r and R are the position vectors at the initial equilibrium and an intermediate static equilibrium states, respectively. u( = uial) is the deformation vector at the static equilibrium state. Now, the stability equations can be rewritten in a simpler form by substituting for all the component terms and performing the covariant differentiations, as required. It can be seen that a considerable number of terms in this expanded equation are constituted of different combinations of quantities, neglecting which would not much affect the overall structure of the equations. Some of these terms which could be dropped are the different multiples of contravariant tensor combinations like inplane deflections, initial curvatures and curvature changes, strains, Christoffel symbols and finally the multiples of such smaller terms with the bending stiffness parameter.
A process of reevaluation of the expanded equation as given above, in a similar manner as was done in the case of the equilibrium equations[Eq. (23), Eq. (24) 1st Report4) ] give us the following partial differential form 
According to the differential geometry of the shell type under consideration, these equations can be suitably brought down to an explicit form with respect to the different subscripts and superscripts. An expanded explicit form of the equilibrium equations and their constituent terms for the case of general shell types having all but the principal components of the initial metric and curvature tensors being zero, was presented in detail in the 1st Report. An analogous expansion of the stability equations can also be obtained by some simple considerations in line with the assumptions and procedures adopted thereby.
The eigenvalue problem and associated considerations for the stability analysis presented in the 1st Report remain the same for the numerical formulation and calculations in this paper, as well.
4 A Truncated First Approximation of the Governing Equations and a Stability Criterion
The equilibrium equations and the stability equations derived here can be found to be not easily visualizable in any simple analytical form, unless a very rigorous numerical approach is employed. As a result, no direct conclusions regarding their nature could be assumed at the first glance. However, certain simplifications in the form of a truncated deflection series and subsequent discretization using suitable variational methods could bring out an approximate form of the total equation to the scaled down level of a simple algebraic equation.
Here, we adopted the following truncated Fourier series to represent the deflection components, u, (i=1, 2, 3). ( virtue of its double curvature has a complicated division of stability ranges and instability characteristics. Fig. 4 shows the case of the cylindrical shell which is rendered less complicated by the absence of one principal curvature, in spite of the fact that the actual evaluation of individual characteristics is eventually made more problematic for the same reason, than a doubly curved shell.
The most notable feature of these figures are the lower bounds of dynamic instability, which are considerably below the curves of dynamic or static failures. The region of transient dynamic instability between these curves are prone to introduce instabilities of different kinds, mainly of the mode shift type, at several points of the loading history, depending on the type and amount of disturbances or other excitations. As a result, the shell as a structure can not be considered fully dependable during the range of transient instabilities.
Also, it can be noted that shells of large curvatures which are considerably 'membrane rigid' due to their deeper forms, are subject to dynamic flutters or local reverse bucklings, usually leading to ultimate failures. However, shallow shells may overcome some of the initial instabilities using their 'membrane flexibility' and are more likely to continue carrying further loads in some assumed new equilibrium state, mostly like an elastic cable. Evidently, the region of extremely shallow shells can be found to be almost completely stable, except for some transient initial instabilites which would be overcome in most cases, to continue deforming until an elastic failure occurs.
2 Particular Examples of Instability
The analysis of stability ranges for shells of various curvatures described in the previous section contains a number of specific instability characteristics.
Many of these characteristics are common knowledge, but some examples for each particular class of instability are presented with relevant details in this section, for the sake of clarity. An overall perspective of the situation is supposed to to be obtained from these examples, where the load-frequency curves, load-deflection curves, mode shape graphs and some other specific graphical explanations form the basis of all the conclusions reached thereby about the type of instability in each class.
2. 1 Transient Unstable behaviour due to Mode
Shifts One of the most prominant instability behaviours exhibited by shells of generally any curvature is the transient phenomenon of shifting the mode frequencies at some particular loading stage abruptly from uniform or steady variation patterns to a different frequency level altogether. This could be either the case of an individual mode only or often an intermodal transfer, sometimes involving even multiple modes at the vicinity of the same loading stage. This phenomenon could be easily explained, if one considers that the geometrical process of deformations at some stage renders some of The increasing absolute influence of form resistance and the correspondingly decreasing absolute influence of bending stiffness on bending deflections with increasing curvatures can be seen from the figure. Also, the total shift of the curves for singly curved shells towards the large curvature end explains the persisting influence of bending stiffness much longer than in the case of doubly curved shells.
Here , the ranges of various instability regions plotted on Fig. 13 can be attributed to the prolonged influence of bending stiffness and smaller relative share of form resistance in the case of singly curved shells, when compared to doubly curved shells. Thus, it can be said that the extra curvature generally introduces more instability regions. A similar effect can be deduced from the fact that the regions of flutter instability in both cases begin in the vicinity of the same curvature range, which shows that the still remaining presence of bending stiffness in the case of singly curved shells does not contribute much to postpone the incidence of dynamic flutter. The results of the critical evaluation of the dynamic instability behaviour of shells conducted in this paper are compared with some of the other results for doubly curved shells. Fig. 14 shows this comparison where it can be found that the numerical results obtained through the present analysis using the complete range of terms of the governing equations[Eq. (10), Eq. (11)] and the approximate criterion formulated thereafter [Eq. (16) ]are compared well with a classical equation8) and with a well established numerical result9). Obviously, the classical method, which gives an approximate formula for the critical loads of complete spherical shells, has predicted higher values of critical points when compared to the present method. However, it can be seen that the results of the present method can predict the lower bounds of dynamic instability also, and shells of much deeper curvatures too can be analyzed, than would be possible through other methods. Also, it should be noted that the approximate criterion of the present method gave fairly accurate predictions for the complete range of shallow shells. The present method has the added advantage of defining the shells in monoclinically convected coordinates and also the assurance of using fully follower type loads to represent uniform pressure loads. The applicability of the general governing equations for finite deformations of shells to determine the stability characteristics of singly and doulbly curved shallow and deep shells, using the method of small disturbances, is presented here with corresponding theoretical formulations, several numerical examples and detailed explanations. The stability characteristics determined here are justified in comparison with the result of a classical shell formula and a well established numerical result, in addition to providing the results of a simplified formula derived from the present governing equation itself.
It is believed that the method of small vibrations applied to the proposed governing equations can provide a very good estimation of the stability characteristics and give a deeper insight into the intricacies of the problem of shell stability. 
